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ABSTRACT: A novel nanomaterial which consists of graphene sheets decorated with silsesquioxane molecoles has been devel-
oped. Indeed, aminopropyl-silsesquioxane (POSS-NH2) has been employed to functionalize graphene oxide sheets (GOs). The sur-
face grafting of GOs with POSS-NH2 has been established by infrared spectroscopy and X-ray photoelectron spectroscopy, while 
the morphology has been investigated by field emission electron microscopy as well as by atomic force microscopy. The combina-
tion of  the amino functionalized POSS molecules with GO sheets produces a hybrid silicon/graphite-based nanomaterial, named 
GRAPOSS, for which the electrical conductivity of reduced GO was restored, thus allowing promising exploitations in several 
fields such as polymer nanocomposites.  
Over the past decade, nanomaterials, namely structures cha-
racterized by very small feature size in the range of 1-100 na-
nometers (nm), have arisen a relevant interest, as they have the 
potential for wide-ranging industrial, biomedical, and electron-
ic applications.1 Indeed, the development of novel nanomate-
rials, which can be metals, ceramics, polymeric or composite 
materials, represents a current key research topic. Among the 
most recently studied materials, graphene has emerged as a 
subject of enormous scientific interest due to its exceptional 
electron transport, mechanical and high surface area.2-4 In or-
der to produce graphene, graphite oxide, namely a layered 
material produced by the oxidation of graphite has been wide-
ly exploited. In contrast to pristine graphite, graphene oxide 
(GO) sheets are heavily oxygenated, bearing hydroxyl and 
epoxide functional groups on their basal planes, in addition to 
carbonyl and carboxyl groups located at the sheet edges.5,6 The 
presence of these functional groups makes graphene oxide 
sheets strongly hydrophilic, which allows graphite oxide to 
readily swell and disperse in water. Previous studies have 
shown that a mild ultrasonic treatment of graphite oxide in 
water results in its exfoliation to form stable aqueous disper-
sions that consist almost entirely of 1-nm-thick sheets.7 In fact, 
at present, exfoliation of graphite oxide is the only way to 
produce stable suspensions of quasi-two-dimensional carbon 
sheets, making this a strategic starting point for large-scale 
synthesis of graphene sheets. As such, graphite oxide has re-
cently attracted attention as a filler for polymer nanocompo-
sites.8-10 
Concerning the new developments in the field of silicon-
based nanomaterials, within the last 10-15 years, the silses-
quioxane chemistry has grown dramatically. Among this class 
of materials, polyhedral oligomeric silsesquioxanes (POSS) 
have attracted a significant research effort.11 POSS are organ-
ic/inorganic molecules, sizing approximately 1 to 3 nm, with 
general formula (RSiO1,5)n where R is hydrogen or an organic 
group, such as alkyl, aryl or any of their derivatives.12-14 In-
deed, these cubic siloxane cages with functionalized substitu-
ents have thus become very popular as nanometer-scale build-
ing blocks in a wide range of polymeric materials.15-17   
Clearly, nanostructured hybrids derived from the combina-
tion of carbon-based nanomaterials and POSS may potentially 
merge the properties of the two starting nanomaterials.   
Although, the combination of POSS with carbon nanotubes 
was already studied, to the best of the authors’ knowledge, no 
reports concerning the study of graphene/POSS hybrids has 
not been reported so far. Indeed, carbon nanotubes of different 
diameters (1-3 nm) were filled with cube-shaped octasilases-
quioxane (H8Si8O12) by heat-vacuum deposition or using su-
percritical carbon dioxide.18 It was shown that the interaction 
of the POSS molecules with the nanotubes depends on the 
diameter of the latter. H8Si8O12 may also be encapsulated in 
single- and double-walled nanotubes using solution and ultra-
sonic methods.19 Another study involving carbon nanotubes 
was recently reported, where multiwalled carbon nanotubes 
having acid chloride groups were functionalized by the exter-
nal grafting of aminopropylisooctyl-POSS via amide linkag-
es.20 The resulting materials were blended with poly(lactic 
acid) with a better dispersion in the matrix due to the presence 
of the POSS components. 
In this work, for the first time, we report on a direct coupl-
ing of amino-POSS (POSS-NH2) with graphene oxide sheets 
in a solvent, namely tetrahydrofuran (THF), capable of com-
pletely solubilizing silsesquioxane molecules and dispersing 
GO (see Supporting Information). 
The chemical changes occurring upon treatment of POSS-
NH2 THF solution with GO can be observed by FTIR spec-
troscopy as both neat POSS-NH2 and GO display characteris-
tic IR spectra.  
 Figure 1a is the FTIR spectrum of POSS-NH2. The wide and 
intensive peak at 3350 cm-1 is attributed to the characteristic 
absorption of -NH2 groups. The strong double peaks at 2930 
and 2873 cm-1 correspond to the C-H stretching of the CH2 
groups in the organic corner groups of the cage structure. The 
absorption band at 1120 cm-1 is the characteristic vibration of 
Si-O-Si bond. The absorption peak at 1030 cm-1 is attributed to 
the special characteristic vibration of silsesquioxane cage Si-
O-Si framework.21 The peak at 760 cm-1 is the bending vibra-
tion of Si-C bond in Si-CH2.22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. FTIR spectra of a) as-received POSS-NH2, b) GO and c) 
GRAPOSS. 
 
The most characteristic features in the FTIR spectrum of 
GO (Figure 1b) are the adsorption bands corresponding to the 
C=O carbonyl stretching at 1720 cm-1, sp2-hybridized C=C in 
plane stretching at 1550-1650 cm-1. A broad and intense signal 
between 3000 and 3700 cm-1 can be assigned to hydroxyls 
with contributions from COOH and H2O (i. e. C-OH).23  
The IR spectrum of GRAPOSS (Figure 1c), shows the dis-
appearance of the band at 1720 cm-1 and a corresponding ap-
pearance of a band with lower frequency (1661 cm-1) assigned 
to the amide carbonyl stretch. In addition, the presence of new 
bands at 1573 and 1223 cm-1, corresponding to N-H in-plane 
and C-N bond stretching, respectively, further confirms the 
presence of the amide functional group. Similar results for 
amine-functionalized carbon nanotubes have been previously 
reported in the literature.24,25 
XPS can provide detailed information on the chemical com-
position and on the oxidation state of the surface species of 
neat POSS-NH2, GO and of GRAPOSS. Wide scans, per-
formed at a relatively low energy resolution, highlight the 
presence of Si species in GRAPOSS samples, suggesting that 
POSS-NH2 functionalization of GO sheets occurred (see de-
tails and Figure S3 in the supporting information). 
More details can be obtained by looking at higher resolution 
spectra collected on specific binding energy (BE) regions. In 
Figure 2, C 1s spectra of GO and GRAPOSS samples are 
compared.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. High resolution XPS spectra of GO and GRAPOSS: 
comparison of C 1s bands. Data are reported as continuous lines. 
 
In the GO case, C 1s band is characterized by the presence 
of two clear maxima separated by approx. 2 eV, in agreement 
with results reported in literature.26,27 The C 1s band can be 
decomposed in four components, at BE of 284.6, 286.6, 288.1 
and 283.6 eV, which can be assigned respectively to graphitic 
carbon (C=C), carbon singly bound to oxygen (C-O-C, C-O-), 
carbonyl groups (C=O)26,27 and to carbon vacancies.28 Oxi-
dized carbons represent approx. the 60% of the total amount of 
carbon species in GO.  
The GRAPOSS C 1s spectrum appears completely different: 
the low BE component disappeared and the intensity of peaks 
related to oxidized species dramatically decreased (amount of 
oxidized carbons approx. 10% of carbon species in 
GRAPOSS) indicating an effective reduction of GO due to the 
POSS-NH2 functionalization. In addition, a new component is 
present at 285.5 eV, corresponding to C-N bonds,29 confirming 
once more the presence of amide functional groups. 
The morphologies of the samples obtained from aqueous 
dispersions of GO and GRAPOSS were evaluated using field 
emission scanning electron microscopy. The prepared samples 
were also investigated by atomic force microscopy (see Sup-
porting Information). What is expected is that the presence of 
carbonyl and carboxyl functional groups makes graphene 
oxide sheets strongly hydrophilic, which allows graphite oxide 
to swell and disperse in water leading to a re-stacking of the 
exfoliated graphene sheets due to the removal of the water. 
Accordingly what is observed for the sample obtained from 
the GO water solution was the formation of a extended area 
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 paper-like structure (Figure 3a) replaced by GRAPOSS struc-
ture consisting of isolated flakes (Figure 3b). 
 
 
 
 
 
 
 
 
 
Figure 3. FE-SEM images of samples deposited from dispersions 
of a) GO in water and b) GRAPOSS. 
 
GO is an electrically insulating material consisting of a large 
number of C-O bonds. Removal of C-O bonds by chemical 
reduction technique produces reduced graphene oxide sheets 
and allows one to restore the electrical properties.  
Figure 4 summarizes the real part of the complex conductiv-
ity, σ′, at room temperature for GO, POSS-NH2 and 
GRAPOSS samples, respectively.  
 
 
 
 
 
 
 
 
 
 
Figure 4. Real component of the complex conductivity as a func-
tion of frequency for the GO (■), POSS-NH2 (●) and GRAPOSS 
(▲) samples at room temperature. 
 
Pure POSS-NH2 shows frequency dependent conductivity 
behavior over the entire frequency range indicating that these 
systems exhibit a dielectric or insulating behavior. A change in 
the frequency behavior of σ′ occurs for the pure GO and 
GRAPOSS samples; at low frequencies, σ′ is frequency inde-
pendent up to a characteristic frequency, at which point σ′ 
increases with frequency being the crossover frequency shifted 
to higher frequencies for the GRAPOSS sample. This charac-
teristic is reflective of a insulator-conductor transition due to 
the partial chemical reduction of GO sheets. 
In conclusion, a novel carbon/silicon nanomaterial, based on 
graphene and POSS, has been developed. Indeed, the reaction 
between a silsesquioxane characterized by an amino group as 
reactive side and graphene oxide sheets was used to graft 
POSS onto GO sheets. We observed that GO sheets show a 
charge trap behavior that was partially passivated by the graft-
ing of silsesquioxane molecules. 
Supporting Information. Experimental procedures, AFM and 
XPS characterization of the prepared samples. This material is 
available free of charge via the Internet at http://pubs.acs.org. 
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